The Rayleigh wave velocity for a coated substrate must have a value in between the ones for the substrate material and the coating material. Nevertheless, Adler and McCathern [J. Appl. Phys. 49, 2576 (1978)] have performed measurements, based on the Schoch effect, on a stainless steel substrate covered with an aluminum oxide coating that contradict this phenomenon. The current letter describes the frequency band gap effect for Rayleigh waves on coated substrates and explains how this phenomenon is related to the cited measurements. Rayleigh waves are often used in nondestructive testing and in electronic devices. They are also important in seismology. In the past they have frequently been used as a means to characterize coatings on substrates.
Rayleigh waves are often used in nondestructive testing and in electronic devices. They are also important in seismology. In the past they have frequently been used as a means to characterize coatings on substrates. [2] [3] [4] When bounded beams are incident from water onto a coated surface at the "substrate Rayleigh angle," the Schoch phenomenon appears and its characteristics are determined by the properties of the coating.
2-4 Because a Rayleigh wave on a coated substrate is influenced by both the coating and the substrate, it is clear that the characteristics of this Rayleigh wave must be situated in between the ones of such waves on homogeneous solids consisting of pure substrate material or consisting of pure coating material. Therefore one expects a Rayleigh wave velocity bounded by the Rayleigh wave velocities on the pure solids. It is believed that the Rayleigh wave velocity can be found by measuring the angle at which the Schoch effect occurs when a bounded sound beam is reflected from a solid in water. [2] [3] [4] [5] [6] [7] Adler and McCathern 5 found a combination of coating ͑Al 2 O 3 ͒ and substrate (stainless steel) for which the Schoch effect corresponds with a Rayleigh wave velocity that is lower than the one on any of the composed materials. This is so surprising that an explanation has never been found. In what follows it will be seen that if the properties of the coating and the substrate differ too much (e.g., Al 2 O 3 on stainless steel), there exists a frequency gap in which Rayleigh waves cannot exist in the composite system. 7 The cited experiments correspond to such a gap and therefore what causes the Schoch phenomenon in Ref. 5 cannot be a Rayleigh wave.
The interaction of sound with the system of isotropic layers has been simulated by a linear combination of all possible plane wave solutions in the coating, i.e., for each type of wave (shear and longitudinal) we have one upward propagating shear wave and one downward propagating shear wave. For the incidence media (water) there is only one incident wave and one reflected wave, for the substrate there is one shear and one longitudinal transmitted wave. The wave vectors of each of the waves are determined by the law of Snell-Descartes [8] [9] [10] [11] [12] and by the dispersion relation for plane waves. [8] [9] [10] [11] The amplitude attributed to each wave is found by considering continuity of the normal stress vector and normal displacement on the water-solid interface and continuity of the normal stress vector and total displacement on the solid-solid interface. 13 In our calculations and in the figures that are given in the following, the Cartesian axes x and y are used with z pointing from the incidence media to solid media, whereas x is parallel to the interface. The z = 0 position corresponds to the coating-substrate interface.
The physical properties of the considered materials are given in Table I . Just as in Ref. 5 we have considered a coating thickness of 0.24 mm. In Fig. 1 the reflected "homogeneous plane wave" amplitude and phase are plotted as a function of the angle of incidence for 1 MHz. It is noticed that, for a given configuration, a phase shift of occurs at the Rayleigh angle. This angle is 30.33°for a stainless steel half space, 15.52°for a Al 2 O 3 half space, 28.15°for a Al 2 O 3 coating on stainless steel substrate, and 17.18°for a stainless steel coating on a Al 2 O 3 substrate. Hence nothing extraordinary happens because the Rayleigh angles (and hence their velocities) for the coated substrates are situated in between the ones for the uncoated substrates. However, in Fig. 2 the reflected amplitude and phase are plotted for a Al 2 O 3 coated stainless steel substrate not only as a function of the angle of incidence, but also as a function of the frequency. It is noticed that in between 1.57 and 23.23 MHz no phase shift of occurs. Therefore Rayleigh waves are not stimulated in a)
Author to whom correspondence should be addressed; electronic mail: nicof.declercq@ugent.be that region. This "forbidden" region is therefore a frequency "gap." The gap exists because the physical properties of stainless steel and Al 2 O 3 differ too much. For certain frequencies the coating does not just disturb the Rayleigh wave on the substrate, but simply destroys it. In Fig. 3 it can be seen, by means of the example of a brass coating on stainless steel, that no gap appears if the coating and substrate are more alike. Figure 4 shows the particle displacement pattern, for the Al 2 O 3 coating on stainless steel, at the Rayleigh angle outside the gap (the Rayleigh wave pattern is visible), whereas 14 It has been shown that if the physical properties of the coating and the substrate differ too much, that there exists a frequency gap in which no Rayleigh waves can exist. 15 The gap extent is function of the coating thickness and the coating material. The experiments in Ref. 5 have been performed in that gap region. Therefore whatever is the cause of the Schoch effect in the experiment, it cannot be attributed to a Rayleigh wave. Part of the investigation which is not described in this letter was done by application of the Fourier method 15 as well as the inhomogeneous wave method [16] [17] [18] [19] to describe bounded beams and to find the Schoch phenomenon for all angles of incidence in the experimental configuration of Ref. 5 and it has not been found. Therefore both theories are unable to describe what causes the Schoch effect in Ref. 5 , whence new models must be developed to discover the physical cause of the effect. Nevertheless the study reveals the presence of a frequency gap, which is extremely interesting for the development of frequency filters. 
